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ABSTRACT
Shortage of water supply is the most stressful condition that can meet man and animals. Since
the adrenal gland plays a pivotal role in the stress response, the objective of this work is to
study, in the male Wistar rat, the repercussions of chronic dehydration on adrenal gland
structure compared to that of a desert rodent: Gerbillus tarabuli. Adults and male Wistar rats
and gerbils were divided into: i) control rats (n=8) given free access to tap water); ii)
dehydrated rats (n=8) given 2% NaCl solution ad libitum for 7 days and (iii) G.tarabuli (n=6)
given barely seeds ad libitum without access to water. Chronic dehydration caused strong
adreno-chromaffin cells degranulation in rats. For the gerbils, adrenal zona fasciculate and
medulla features suggest respectively an increased production and release of glucocorticoides
but a basal stress hormones release. These results suppose that shortage of water in arid
environment does not represent a stress factor for this species.
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1. INTRODUCTION
Water Shortage is one of the most stressful conditions that can meet man and animal. Rodents
are considered highly suitable animals for rising in arid and desert regions. They can survive
in particularly difficult conditions of water shortage and may go into a dehydration state for a
long period during the dry summer season [1]. Numerous research programmes have dealt
with the mechanisms of water and electrolyte balance conservation in these wild rodents [2-3-
4-5]. In this study we raise the question whether such extreme conditions constitute a stress
factor for their organism. Adrenal gland plays an essential role in adaptative responses and is
called stress gland [6]. Any stress increases organism's requirement for glucocorticoides [7]
and catecholamines [8-9]. This hormone secretion often increases greatly in stressful situation
which is a beneficial situation to the animal as it has life saving role. Taking all this into
consideration, we have targeted the study of this sensitive organ in Gerbillus tarabuli a desert
rodent of Algeria. It is nocturnal and granivorous, eating mostly leaves. This species can
survive exclusively on a dry diet and be independent of exogenous water. Under such arid
environment, it seems interesting to investigate its adrenal gland morphology and compare it
with that of Wistar rat subjected to chronic dehydration.
2. MATERIALS AND METHODS
Adult male Wistar rat (200–250 g weight) (supplied by Institut Pasteur, Kouba, Algiers) and
wild Gerbillus tarabuli species (30–53 g weight) captured from March to June in the Algerian
Arid Zones Station (Beni Abbès, 1240 Km Southwest of Algeria) served in this study. All
animals were kept under standard conditions of temperature (22 ± 1°C) and a 12:12 h light-
dark cycle (light on at 7.00 A.M). Wistar rats were provided with standard rat chow and water
ad libitum, and Gerbillus tarabuli were given barely seeds; water had not been supplied. All
performed manipulations were in agree with local and international guidelines on ethical use
of animals.
Experimental design
The animals were separated into three groups: (i) Control rat (n=8) were given free access to
tap water; (ii) dehydrated rats (n=8) were given 2% NaCl solution as a sole source of their
fluid intake, ad libitum, for 7 days; (iii) G.tarabuli (n=6) were given barely seeds ad libitum;
water has not been supplied.
Ingestion of 2% NaCl solution for 7 days was used as an alternative method of ''dehydration''
[10].
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Body weight of all animals was recorded at the beginning and at the end of the experiment. At
the end of the experiment (the 8th day), the animals were sacrificed by decapitation without
anesthesia between 8 and 11 A.M.
Blood samples determination
After decapitation, strunk blood was collected promptly into chilled tubes containing heparin
for the measurement of osmolality and sodium concentration and into heparinzed micro-
hematocrit capillary tubes for measurement of hematocrit. After centrifugation at 3000 g for
15 min, plasma samples were aliquoted and stored frozen at – 80°C until measurements of
osmolality and sodium concentration using an osmometer (Loser type 6) and ionometer
respectively. Hematocrit was immediately determined.
Light microscopy
Both adrenal glands of each animal were quickly removed. Each gland was immersed in each
of the following fixative solutions: i) Bouin’s solution to detect any morphological changes;
ii) Ciaccio solution to demonstrate the changes in the lipids content of adrenal cortex. The
materials were then embedded in paraffin, according to standard procedure and cut into 5 µm
thick sections. Masson trichrome was used as topographic stain and Sudan black B stain for
lipid revelation.
Statistical Analysis
The data are expressed as the mean ± SEM. For a comparison between the three groups
(control rats, dehydrated rats and G.tarabuli), unpaired Student’s t-test was used. Statistical
significance was accepted at a value of P ˂ 0. 05.
3. RESULTS
Body weight
Our result showed that body weight decreased significantly (P˂0.01; −21.4%) in rats
subjected to chronic dehydration, whereas it did not change significantly in the control rats
(P˃0.05; +2.5%) and G.tarabuli (P˃0.05; +0.6%) (Table 1).
Table 1. Body weight in control rats, dehydrated rats and Gerbilus tarabuli
Initial  body weight Final body weight BW%
Control rat (n=8) 244. 2 ± 11.1 249. 5 ± 10.1 2.5%
Dehydrated rat (n=8) 250.2 ± 9.3 196. 6 ± 13. 2** 21.4%
G.tarabuli (n=6) 44.4 ± 3.5 44.7 ± 3.57 0.6%
Values are means ± SEM. **P˂0.01. Final weight vs initial weight. BW (%) = (BW final −
BW initial/BW initial).100.
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Hematocrit, Plasma Osmolality, and plasma sodium
The mean value of hematocrit was higher in the dehydrated rats than in the control rats
(P˂0.001). This value was lower in G.tarabuli (P˂0.001) than in the control rats. In contrast,
plasma osmolality was quite similar in G.tarabuli and dehydrated rats, but significantly lower
in control rats. Plasma sodium of G.tarabuli was lower (P˂0.001) than that of dehydrated rats
(Table 2).
Table 2. Blood parameters in control rats, dehydrated rats and Gerbilus tarabuli
Control rat (n=8) dehydrated rat (n=8) G.tarabuli (n=6)
Hematocrit (%) 45.1 ± 0. 1 50.7 ± 0,3*** 35.8 ± 0,7*** †††
osmolality
(mOsm/kg H2O)
294.3 ± 0.9 317.2 ± 0,8*** 314.4 ± 1,2***
Na+ (mEquiv/L) 133.7 ± 0.2 150.3 ± 0,3*** 145.7 ± 0,4***†††
Values are means ± SEM. ***P<0.001vs. Control; †††P<0.001vs. Dehydrated.
Light microscopy
Analysis of Masson trichrome stained sections revealed that zona fasciculata (ZF) of control
rats (Fig.1A) were composed of polyhedral cells arranged in long straight cords separated by
narrowed blood capillaries. The cells showed abundant foamy cytoplasm with pale rounded
nuclei and distinct nucleoli. In the dehydrated rats (Fig.1B) as in G.tarabuli (Fig.1C), our
observation showed that ZF was characterized by a marked dilated blood capillaries and an
acidophilic cytoplasm. The arrangement of cells in long straight cords was not evident in
G.tarabuli (Fig.1C). The intensity of the Sudan black B reaction was more pronounced in
control rat (Fig.1D), as compared to both dehydrated rat (Fig.1E) and G.tarabuli (Fig.1F).
The examination of sections from control rats (Fig.2A) and gerbils (Fig.2E) showed the
typical structure of adrenal medulla. Chromaffin cells were arranged in closely packed
clusters separated by delicate connective tissue containing blood sinusoids. They were
polyhedral in shape, with deeply stained granular cytoplasm and rounded pale nuclei.
In the dehydrated rat, cell disposition was completely disturbed. Most of the chromaffin cells
appeared hypertrophied with poorly defined cell boundaries. Their cytoplasm was pale
indicating degranulation. Several nuclei were pyknotic (Fig. 2B). Also, abnormal interstitial
fibrosis (Fig. 2C) and numerous enlarged blood sinusoids (Fig. 2D) were seen.
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Fig.1. Zona fasciculata:
In control rat (A) The ZF cells are arranged in long radial cords separated by narrowed blood
capillaries (s). They have abundant cytoplasm (c) with a foamy appearance and fairly rounded
pale nuclei (n). In dehydrated rat (B) note the disappearance of the foamy appearance of
cytoplasm (c) and dilated blood sinusoids (s). In G.trabuli (C), The arrangement of cells in
long radial cords is not evident, lipid droplets are scarce and blood sinusoids are dilated (s).
Masson trichrome stain. Scale bare 15µm.
Sudan black B staining of  zona fasciculata in control rat (D) show numerous sudanophile
cytoplasmic inclusions (arrow). Note the less pronounced sudanophilia in dehydrated rat (E)
and G.trabuli (F). Scale bare 12µm.
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Fig.2. Adrenal medulla:
In control rat (A) and G.trabuli (E), chromaffin cells are arranged in packed clusters (dotted
line). They are polyhedral in shape with finely granulated cytoplasm (c) and rounded
vesicular nuclei (arrow). Masson trichrome stain. Scale bare 15µm. In dehydrated rat (B) the
cell arrangement is disturbed and  most of cells are hypertrophied with poorly defined cell
boundaries. Cytoplasms (c) are completely degranulate and appear vacuolated (arrowhead).
Some nuclei are  Pykcnotic (arrow). Parallaly in this group we can see (C) an abnormal
fibrotic mass (arrow) and (D) numerous dilated blood sinusoids (s) engorged with stagnant
blood cells. Masson trichrome stain. Scale bare 15µm
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4. DISCUSSION
The current study revealed that chronic dehydration in Wistar rats produces a dramatic loss in
body weight. This finding is in agreement with previous studies [11-12-13]. The weight lost
recorded in dehydrated rats can be attributed to the reduced body fluids, as it was estimated
by Van Bauman’s formula (result not shown), and partially to a reduction in food
consumption (personnel observations), which leads ultimately to tissue catabolism. Indeed,
our observation is supported by experimental evidence showing that rats submitted to similar
conditions developed anorexia [14-15].
Like rats under control conditions, our desert rodent G.tarabuli did not show any significant
difference between final and initial body weight. There is evidence that desert rodents are able
to maintain body weight on diet of only dry seeds [3-16-17].
In rats subjected to chronic dehydration, a significant increase in blood variables (hematocrit,
plasma osmolality and plasma sodium concentration) was noted. This is clearly in favour of
hydroelecrolytic imbalance and hemoconcentration. Our results in G.tarabuli showed that
plasma osmolality was close to that measured in dehydrated rats, while hematocrit was
significantly lower than in control rats. This suggests that the blood of G. tarabuli contains
more water than that of Wistar rat, since hematocrit has been shown as a reliable indicator of
plasma volume [18].
Upon histological examination, important modifications were observed in rats exposed to
chronic dehydration. In zona fasciculata, the most striking change is the enlargement of blood
capillaries and depletion of lipid droplets, as proved by Sudan black B stain. The lipid
droplets are the site of cholesterol storage [19]. Their mobilization and hydrolysis by the
cholesterol ester hydrolase enzyme stimulates the biosynthesis of steroid hormones such as
glucocorticoides [20]. The lipid droplets depletion can be explained by the fact that the novo
cholesterol synthesis and the uptake of lipoprotein-derived cholesterol via low density
lipoprotein receptor could not overcome its utilization in steroidogenesis, so lipid depletion
occurred. These histological changes in ZF seem to be in favour of an excessive
glucocorticoids biosynthesis as an adaptative response to the stress situation caused by the
alteration of hydroelecrolytic equilibrium. Our suggestion is supported by previous study
showing that receiving 2% saline as drinking fluid during 7 days caused a marked increase in
plasma corticosterone concentration in Wistar rats [21]. In adrenal medulla of dehydrated rats,
marked degranulation of chromaffin cells and enlargement of blood sinusoids were observed.
This seems to reflect a strong catecholamines release. Such a degranulation of chromaffin
cells has been also observed in rat after various stressors [7-22]. Also, signs of cell
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degeneration were evidenced in chromaffin cells displayed by hypertrophy of cells with loss
of cell borders, vacuolation of cytoplasm, and pyknotic nuclei. This could be due to
hyperactivity of these cells for secreting more and more catecholamines to adapt with stress
situation, which exceeded the adaptation capacity of chromaffin cells leading to the cell death.
Our results in G.tarabuli showed that the adrenal medulla exhibited the same morphological
features as those observed in Wistar rat under control conditions, despite the high plasma
osmolality, known as a potent stressor. In contrast, the structure of ZF is rather well
comparable to that of dehydrated rat, suggesting a potent steroidogenesis activity to produce
great amonts of glucocorticoids. Indeed, it was found (not bublished results) that the plasma
level of the primary glucocorticoid (cortisol) in G. tarabuli was comparatively high (292±51
ng/ml), with the same essay method the plasma corticosterone levels in laboratory rat under
basal conditions had been estimated to 28.8±7.9ng/ml [23]. In their interesting study Wotus et
al, 2007 have shown a positive correlation between plasma levels of corticosterone and the
hypothalamic hormone, vasopressin (AVP) in dehydrated rats [24]. This evidence may
constitute another argument in favour of a potent steroidogenesis activity; bearing in mind
that plasma AVP concentrations were higher in desert rodents than in laboratory rats, as was
shown by previous studies [25-3]. Considering the result obtained, we raise the question of
whether such morphological characters observed in ZF of G.tarabuli, reflect stress response. It
is difficult to find a fully satisfactory explanation, since we have noted contradictory results in
G.tarabuli, on one hand, the structure of ZF is similar to that of dehydrated rat and on the
other hand the structure of adrenal medulla is comparable to that of control rat. Several
explanations could be hypothesized: i)-the structure of ZF might reflect stress response in
order to adapt to the shortage of water, which characterize the extremely arid biotope. Thus,
the histological structure of adrenal medulla, comparable to that of rat under basal condition,
could mean that chromaffin cells may have an important catecholamine biosynthesis rate,
which permits the restoration of catecholamines stores. ii)-the structure of adrenal medulla
might indicate a basal stress hormones release. This prompts us to hypothesize for the first
time that the morphological features of ZF, in favour of hyperactivity, would not be a stress
response but rather an index of metabolic strategy probably for metabolic water production.
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5. CONCLUSION
This study revealed that chronic dehydration produces, in Wistar rat, a condition of stress
which exceeded the adaptation capacity of adrenal medulla leading to the depletion. In G.
tarabuli, however, it remains unclear whether the morphological characteristics observed in
adrenal medulla represent tolerance following persistent stress stimulation or, the poverty in
water, which characterizes the arid environment, does not represent a stress situation for this
wild species.
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